This paper presents the most outstanding experiences regarding the use of fibres as the main reinforcement in precast segmental linings in the metropolitan area of Barcelona. It is known that the addition of structural fibres improves, on the one hand, the mechanical behaviour of the structure during its construction, especially in cases such as the thrust of the jacks, and on the other hand it leads to a reduction of the global costs by reducing the conventional passive reinforcement. The aim of this paper consists in presenting three real experiences that are representative of the application of FRC in urban tunnels and a design methodology to take into account the structural contribution of the fibres. Two particular cases of the application of this design method are presented. In the first case, the use of 25 kg/m 3 of fibers has led to a reduction of 70% of the conventional reinforcement initially proposed in the project. In the second one, which was planned to employ fibers but without considering its structural contribution, the parametric study reflected the possibility of reducing up to a 38% of the rebars adding 25 kg/m 3 of steel fibres in the concrete mixture. In light of good results, construction companies in Spain have become aware of the advantages of using fibers in these structures and have carried out experimental stretches. This attitude has also been influenced by the approval of the new Spanish Code, which includes the FRC as a construction material with design purposes.
INTRODUCTION
Fibre reinforced concrete (FRC) is a composite material that has proved to be a competitive material in many types structures (di Prisco and Toniolo, 2000; di Prisco et al., 2009; Walraven 2009 , de la Fuente et al., 2010a . In particular, there are many advantages when using FRC in the manufacturing of segmental linings of tunnels built by means of a Tunnel Boring Machine (TBM) (Waal, 1999; Blom, 2002; Plizzari and Tiberti, 2006; Burguers et al., 2007) . In this field, the use of steel fibre reinforced concrete (SFRC) improves the mechanical behaviour of concrete enhancing: (1) thoughness; (2) resistence to fire; (3) resistance to fatigue and (4) its response facing impacts and concentrated loads that can be occur in stages prior to the placement of the segments (curing, transport and handling), during its assembling (thrust of the jacks) and during service stage (contact between joints).
Likewise, the use of SFRC may lead to the total or a partial removal of rebars, improving the production efficiency and ensuring economic competitiveness with regards to the traditional solution. There are many studies both experimental (Caratielli et al., 2010) and numerical (Plizzari and Cominoli, 2005; Plizzari and Tiberti 2006; Burguers et al., 2007; Chiaia et al., 2009a; Chiaia et al., 2009b) in which the advantages associated to the use of SFRC in precast segments are proved as well as the use of steel bar reinforced concrete (RC) and SFRC in the same precast concrete segment (RC-SFRC, hereinafter).
In the last 8 years, the construction of more than 120 km of tunnel has started in the metropolitan area of Barcelona (Spain), some of which are still under construction. The internal diameter (Di) of these tunnels ranges from 6.00 m to 10.9 m, with aspect ratios (λ = Di/h) of even 31 as in the Can Zam stretch of the Line 9 Subway of Barcelona. Basically, the applications were either related to railways, metro lines or for hydraulic conduits.
The use of SFRC began at several stretches of Line 9 Subway of Barcelona (started in 2003) . Nevertheless, the structural contribution of the fibres was not considered in the design due to the lack of regulations in the Spanish Code regarding the use of FRC. Conversely, they were considered to improve the toughness and enhance the cracking control during handling and assembling operations, while rebars kept the main resistant function. In this sense, the most advanced regulations currently available when these first applications were carried out in Barcelona did take already into account the structural contribution of the fibers, but they were too recent (DBV, 1992; RILEM TC 162-TDF, 2003; CNR-DT204/2006 . Nowadays, the Spanish regulation CPH (2008) includes SFRC as a material with a structural responsibility.
Subsequently to the beginning of the construction of the Line 9 Subway of Barcelona, several experimental applications of SFRC precast segments were performed in various stretches. In these cases, 60 kg/m 3 of steel fibers were used to replace the steel rebars. However, two groups of stirrups similar to the ones used in the analysis of the Line 1 Subway of Valencia (Venezuela) (Plizzari and Tiberti 2006) were maintained in order to confine the concrete.
Currently, some experiences concerning precast concrete segments reinforced only with fibres have been done (see Table 1 ), but the great majority of them are related to values of λ generally smaller than those used in the Line 9 Subway of Barcelona. Examples of these applications are: a tunnel for the transportation of water in Ecuador (Vandewalle, 2005) , Gold Coast and South East Queensland in Australia (Angerer and Chappell, 2008) , Heating Tunnel from the Island Amager to Copenhagen in Denmark (Kasper et al., 2008) , Line 4 Subway of Sao Paulo (Telles and Figueiredo, 2006) , CLEM Jones Tunnel in Brisbane (Rivercity, 2008) , Hobson Bay Sewer Tunnel in New Zealand (Maccaferri, 2009) and Bright Water Sewer System Seattle Tacoma in USA (Jones, 2009 The challenge in the recent experiences carried out in the metropolitan area of Barcelona was to analyze the feasibility of exceeding the diameters previously reached. Thus, the purpose of this article is, on the one hand, to present these experiences. On the other hand, this article also aims at showing the design methodology used for the optimization of the amount of fibres (Cf) in SFRC and RC-SFRC precast segments.
PIONEER EXPERIENCE IN THE METROPOLITAN AREA OF BARCELONA
The first pilot test for the application of SFRC in precast segments was carried out in the year 2004, in the Can Zam stretch of the Line 9 Subway. It must be highlighted that the execution and the working conditions in this first experience were highly adverse: descending stretch and water leaks with a temperature of up to 60°C. The solution adopted in this case was a ring with a Di = 10.9 m, divided by an intermediate slab separating two independent levels (one for each traffic direction). The thickness of the segment was 0.35 m, and a FRC with 60 kg/m 3 of steel fibers dosage was used. A total of thirty rings were constructed; three of them were instrumented in order to carry out a loading test for simulating the soil pressure in the field conditions by means of jacks (Molins et al., 2009 ). In Fig. 1a the instrumented specimen is presented. Notice, that the conventional reinforcement was limited to the stirrups (a similar solution was developed by Plizzari and Tiberti (2006) ). Likewise, Fig. 1b shows the flat-bed press placed in the extrados of the segment to perform the loading test. Fig. 1 . Load test of the RC-SFRC precast segments: a) instrumented specimen and b) flat-bed press configuration.
As previously mentioned, the working conditions were adverse. As a matter of fact, some splitting cracks and local failures appeared. Fig. 2a shows the crack pattern generated during the assembling of the segments. This cracking was due to the high eccentricity of the load transmitted by the jacks in the descending part of the stretch (Burguers et al., 2007; Cavalaro, 2009) . Fig. 2b also shows the existence of water leaks. Nonetheless, there was no concrete detachment thanks to the presence of fibres bridging the cracks. Even considering the problems already mentioned, which also took place in the stretches with traditional reinforcement, the results from the loading test were satisfactory (Molins et al., 2009) . In spite of the success achieved, the solution was not generalized in the whole tunnel for several reasons, many of them bearing no relation to the technical reasons.
On the basis of the results obtained in this pilot application and the international experiences related with the use of SFRC in precast segments (see Table 1 ), new ones were proposed in the metropolitan area of Barcelona: FontSanta-Trinitat Tunnel and Terrassa Tunnel. In the first case, 10 optimized RC-SFRC rings were placed, while in the second case a RC-SFRC precast segmental lining was used in the whole tunnel.
NUMERICAL MODEL FOR THE NONLINEAR ANALYSIS OF SECTIONS

Introduction
The cross sectional behaviour of the precast segments was simulated by means the model called Analysis of Evolutive Sections (AES) presented in (de la Fuente et al., 2008) . The structural feasibility of the application of fibers in the studied rings, as well as the optimization of its reinforcement, was dealt with AES. With this aim, the moment-curvature (Mk-χ) and the interaction (Nu-Mu) diagrams were used to provide the necessary information about the mechanical behaviour both in SLS and in ULS for each control cross-section of the segment.
Sectional analysis model
Modeling of the materials
The concrete is dicretized in layers with constant thickness, whereas steel rebars are simulated as concentrated-area elements. Subsequently, the suitable constitutive model is assigned to each element in order to integrate the stresses resulting from a given deformation plane (εo, χ) (see Fig. 3a ).
The addition of steel fibres modifies the behaviour of SFRC depending on the volume of fibers used (Bencardino et al., 2008) . Its response under uniaxial compression is described with the expression suggested by Barros and Figueiras, 1999 . On the other hand, the simulation of its post-cracking behaviour is solved by means of the model type σc-εc suggested in RILEM TC 162-TDF, 2003 . This is an internationally accepted model (see Fig. 3b ) which has already been used in several numericalexperimental contrasting applications obtaining excellent results (Blanco et al., 2010 , de la Fuente et al., 2010b .
The crack width (w) is evaluated differently depending on the type of reinforcement of the section: for RC sections the formulation proposed in (EC-2, 1992) is used, whereas in the case of SFRC-RC sections an extension of the previous formulation (Vandewalle, 2000) is used.
The steel for rebars is simulated with the bilinear diagram presented in Fig. 3c .
Basic hypotheses
The following hypotheses have been considered: (1) perfect bond between the materials; (2) sections remain plane before the application of the external forces or after imposing fixed strains and (3) shear strains are negligible, therefore, these were not taken into account.
Equilibrium and compatibility
Once the suitable constitutive equations have been assigned to each of the materials, a NewtonRaphson iterative method (Yang et al., 2005) is used to solve the nonlinear equation system resulting from the considering the equilibrium conditions (Eqs. (1) and (2)) and compatibility (Eq. 3).
= ∫ % ( % ). 
EXAMPLES OF APPLICATION
Fontsanta-Trinitat
Project Overview
It consists of a tunnel for the transportation of desalinated water from the Llobregat River toward the Ter River. For this purpose, a main station was built in Fontsanta (Sant Just d'Esvern, Barcelona), which pumps the water toward the Distributing Station of Trinidad (Barcelona) by means a concrete pipe with an internal diameter of 1800 mm. The flow is 2.0 m 3 /s in the first stage, but it is expected to reach up to 3.6 m 3 /s in the future.
The tunnel was excavated under the Collserola Mountain (Barcelona) simultaneously from two opposite fronts (Riera de Sant Just and La Trinidad) using two double-shielded TBMs (Nguyen, 2006) with an internal diameter of 6.0 m. Likewise, three service galleries were built to facilitate intermediate access, ventilation and emergency exits.
The layout gets across heterogeneous soil with several different geological formations. The predominant materials are schist and phyllite (35% of the length), slate and quartzite slate (15%), being the latter ones the worst concerning its geotechnical quality. On the contrary, the rest of the formations are rocks with medium-high quality (granodiorite, hornfels, porphyr, quartzite and metamorphic rocks).
Taking into account the geotechnical characteristics of the ground and the excavation method used, a universal ring (see Fig. 4 ) with an internal diameter of 5.2 m consisting of 5 +1 precast segments with a thickness of 0.25 m and a width of 1.40 m was designed. Two different concrete strength classes were used in order to adequately face the different levels of compression which could be reached during the service life of the structure. In that sense, a concrete C30/37 (see RILEM TC 162-TDF, 2003) was used in for the precast segments (PS-30) in those stretches where the presence of the phreatic level was not expected. On the contrary, a C50/60 concrete (PS-50) was chosen to resist the high compressive stresses attributable to the poor quality of the rock mass as well as the presence of the phreatic level expectable in a few stretches according to the geotechnical analyzes. The design stages considered in the analysis were: (1) curing operations, (2) storage, (3) transport, (4) assembling tasks and (5) the soil pressure during service stage. Concerning the analysis of stage 5, the calculation was performed by means of a 3D-FEM developed with the commercial code FLAC3D (ITG Inc., 2006) . The tunnel construction method, the concrete rings as well as the grouting process were simulated taking into account the soil-structure interaction and the possible presence of water. Specifically, the two worst scenarios were analyzed: (1) slates formation (specific weight γr = 27.5 kN/m 3 , cohesion cr = 556.10 -3 N/mm 2 , friction angle Фr = 33.8°, Young modulus Er = 2277 N/mm 2 , Poisson ratio νr = 0.25) with 205 m of soil cover and with no water presence for the PS-30 and (2) porphyr dike formation (γr = 26.8 kN/m 3 , cr = 1162.10 -3 N/mm 2 , Фr = 43.6°, Er = 2636 N/mm 2 , νr = 0.30) with a cover of 325 m and considering a water column with a height of 120 m for the PS-50 precast segment. In any case soil stress relaxation has been considered. Likewise, an earth pressure coefficient (Ko) of 1.5 has been taken into account in both simulations.
b) a)
The characteristic and design values of the axial and bending forces obtained in the five stages (see Table 2 ) are low in relation with the dimensions of the cross section of the segment. However, a minimum amount of reinforcement consisting of 10Ф10 (see Fig. 6a ) and 10Ф12 (see Fig. 6b ) for SL-30 and for SL-50, respectively, was placed to avoid the brittle failure. Taking these factors into account, it was decided that the reinforcement could be optimized by using a RC-SFRC configuration, with the aim of reaching the benefits previously mentioned. 
Stage
Nk ( Since this was a pilot experience, ten rings with the new RC-SFRC proposed below were manufactured. They were placed in a stretch where the installation conditions and the service structural requirements were representative of the average characteristics of the tunnel.
Design accounting for the structural contribution of fibers
The results obtained with the model AES showed that that neither bottom nor upper fibers of the concrete section analyzed (see Figs. 6b and 6c ) reach the characteristic flexural strength (fctk,fl) in any of the transitory stages (stages 1 to 4), while in service (stage 5) is totally compressed. Therefore the section was not expected to crack.
Bearing in mind this fact, the strategy proposed in this document to design the new RC-SFRC precast segment consists in obtaining the minimum content of reinforcement (steel rebars plus fibres) that assure a ductile failure for the hypothetical situation of reaching the cracking bending force Mcr in any of the transitory stages. Thus, it was established that Mcr should be strictly equal to Mu (see Eq. 4 and Fig. 7 ). This approach was proposed for RC sections in (Levi, 1985) and successfully used in (Chiaia et al., 2009a; Chiaia et al., 2009b and Tiberti, 2006) for the optimal design of RC-SFRC segments.
To accomplish this goal, it is necessary to solve the Eq. 4. For RC sections, this equation is linear and can be solved analytically. Otherwise, a nonlinear system is obtained when Eqs. 1-4 are combined for SFRC or RC-SFRC sections, and then the numerical model AES previously introduced has to be used to solve it. In the same way proposed in (Plizzari and Tiberti, 2006) for the RC-SFRC precast segments of the Line 1 Subway of Valencia (Venezuela), two groups of stirrups where maintained along the two longer sides in order to confine the concrete in this zone. This reinforcement configuration could reduce the splitting cracks that may occur due to the compressive stresses expected during the thrust of the jacks and in the radial joints in-service conditions. With the aim of comparison, in Fig. 8a the reinforcement cage initially projected for the segment PS-50 is showed, while in Fig. 8b the steel stirrups maintained for the RC-SFRC solution are also showed. It can be noted that the optimized solution proposed (Fig. 8b ) presents a considerable reduction of the conventional reinforcement (70%) with regard to the initial one (Fig. 8a) . 9 gathers the RC-SFRC cross section of the segment used for the numerical modelling. The optimum value of Cf was determined using the AES model so as to fulfil Eq. 4. In this respect, the value of Mcr for the segment PS-50 (74 mkN) is higher than the one obtained for the segment PS-30 (49 mkN), due to the higher fctk,fl of the former. Thus, it was decided optimize the value of Cf for the precast segment SL-50 (concrete strength class C-50/60) and use the same reinforcement configuration for the PS-30 (concrete strength class C-30/37) so as to systematize the construction procedures. Fig. 3b ). However, at this stage of the design process neither data of the fibre content which was going to be used in the concrete nor results from characterization tests of SFRC tension behaviour were available. Alternatively, Eqs. 5 and 6 proposed by Barros et al., (2005) were used for the calculation of the residual flexural strength (fR,i) of SFRC as a function of Cf. These expressions were calibrated on basis of the results obtained in bending tests of prismatic beams of SFRC with same hooked-end steel fibres used in the optimized RC-SFRC precast segments analyzed in this work (length lf = 60 mm, diameter df = 0.75, Young modulus Ef = 210000 N/mm 2 and a failure tensile strength ffu = 1100 N/mm 2 ). 
For this study, the values of Cf adopted range between 0 kg/m 3 and 40 kg/m 3 . The latter value is motivated by economic criteria. Table 3 gathers the numerical values of the parameters used to simulate the post-cracking behaviour of SFRC. The mechanical behaviour of the steel rebars has been simulated by considering a bilinear diagram (see Fig. 3c ), as well as a value of 500 N/mm 2 for fyk and 210000 N/mm 2 for Es. Fig. 10 shows the M-χ diagrams (Nk = 0) numerically obtained for the RC-SFRC precast segment reinforced with different values of Cf and the steel stirrups presented in Fig. 9 .
The results presented in Fig. 10 confirm the requirement of using a Cf higher than 20 kg/m 3 to fulfil Eq. 4. Particularly, by representing the relation Mu-Cf (see Fig. 11 ), it can be deduced the optimum value for Cf is closely to 25 kg/m 3 . It must be remarked that this is the optimum value for Cf obtained considering the bending forces (M) and the compression forces (N) presented in Table 2 . In this sense, in order to confirm the correctness of this value for the rest of load types, the influence of Cf in the behaviour of the precast segment under concentrated loads (thrust of the jacks and serviceability stresses in the joints) must be analyzed. Up to date, several numerical studies (Waal, 1999; Blom 2002; Plizzari and Tiberti, 2006; Burguers et al., 2007 and Kasper et al., 2008; Cavalaro 2009 ) and some experimental experiences (Caratelli et al., 2010) confirm the excellent response of the fibres in these load cases, have been presented in the international literature. Nevertheless, a systematical methodology has not been proposed yet to find the optimum value of Cf considering all the possible load states due to the numerous variables that take part in the study. There is, however, a generally accepted design method that consists in a numerical evaluation of the optimum value of Cf by means of a structural analysis considering the forces (N, M) and verifying numerically and/or experimentally that the segmental lining behaves also properly under concentrated loads.
Fig. 11. Increase of Mmax and Mu with the amount of fibres Cf.
Considering the above mentioned and the results obtained in the numerical analysis, it was decided to manufacture ten rings with an amount of 25 kg/m 3 of steel fibres together with the reinforcement cage proposed in Fig. 8b and Fig. 9 . It has to be mentioned that none of the rings presented cracks during the assembling operations neither service loads. This fact confirms that the value of 25 kg/m 3 previously deduced numerically could be the desired optimum value of Cf for the geometrical and mechanical boundary conditions simulated fixed in this analysis case.
TERRASSA TUNNEL
Project Overview
This case consists in two parallel rail tunnels built in the urban area of Terrassa as the extension of the Ferrocarriles de la Generalitat de Catalunya (FGC). Both tunnels are drilled successively being the total length of each one of 4510 m. The tunnels consist of rings (see Fig. 12 ) with an internal diameter of 6.0 m and formed by 6+1 RC-SFRC precast concrete C30/37 segments with a width of 1.5 m and a thickness of 0.30 m.
Both tunnels were excavated by means of a TBM with a diameter section of 6.90 m. The existing gap between the segmental lining ring and the drilled soil was 15 cm wide and it was filled with grout.
The analyzed stretch passes through a soil formed by quaternary clay, with a 24.5 m cover and with the presence of the phreatic level 9.5 m above the tunnel crown. In this sense, the numerical simulation of the soil-structure interaction was also carried out with the commercial code FLAC3D (ITG Inc., 2006) . For that purpose, a mesh of 150.0 m wide, 27.5 m high and 40.0 m deep with respect to the horizontal axis of the tunnels was generated (see Fig. 13 ). The elements width in the direction of the tunnel equals the width of the precast segment (1.5 m). Concerning the material properties, the following parameters were considered: γr = 21.5 kN/m 3 , cr = 30.10 -3 N/mm 2 , Фr = 25.0°, Er = 84 N/mm 2 , νr = 0.30. Likewise, a coefficient Ko = 1.3 was adopted to take into account the possibility of finding overconsolidated soils (according to the geotechnical reports). Table 4 presents the characteristic and design values of N and M obtained for the transitory stages (curing, storage, transport and handling) and the service stage (5), being the latter the most adverse in terms of the design of the reinforcement.
In order to resist the forces presented in Table 4 , an initial RC-SFRC precast segment with 15Ф12 in each side (see Fig. 14) plus 25 kg/m 3 of fibres was proposed in the project, though the structural contribution of the fibres were not taken into account. The purpose of the fibres in this case was to improve the behaviour under the high expected concentrated loads (thrust of jacks and compressive stresses in the radial joints). Fig. 14. Steel rebar reinforcement configuration of the segment initially proposed in the project.
Design accounting for the structural contribution of fibers
Similarly to the first case analyzed, a steel rebar reinforcement cage consisting of 11Φ12 and stirrups Φ8 each 25 cm was established (see Fig. 15 ) to subsequently iterate with different Cf (0, 15, 25 and 30 kg/m 3 ) until the design condition was fulfilled. In this case, the service stage (5) leads to the most unfavourable stress-strain conditions. The precast segment is subjected to a high axial load Nd with a concomitant Md which cracks the section. Thus, the amount of reinforcement resulting from imposing Eq. 4 would be insufficient and, therefore, would not be on the side of safety. Hence, the classical criterion of optimum in ULS design was used, which consists in fixing Nd and impose Eq. 7. Likewise, once the optimum value of Cf was obtained, it was verified that wk was lower than the wmax = 0.3 mm established in the basis of the project. Once again, since no previous experimental data about SFRC for the different values of Cf was available, Eqs. 5 and 6 were used with the aim of defining the parameters (see Table 5 ) of the constitutive equation chosen (see Fig. 3b ) for simulating the post-cracking behaviour of SFRC class C30/37. The response of the steel rebars was dealt with the diagram of Fig. 3c , assigning fyk = 500 N/mm 2 and Es = 210000 N/mm 2 . Fig. 16 shows the Nu-Mu interaction diagram for the section with the RC-SFRC precast segment defined in Fig. 15 with values of Cf ranging between 0 and 30 kg/m 3 .
On the basis of the results gathered in Fig. 16 , it is observed that with a Cf of 15 kg/m 3 , the Md of 542 mkN (see Table 4 ) is already exceeded. Likewise, it should be noted that the maximum increase of Mu does not exceed 5% (RC-SFRC with Cf = 30 kg/m 3 ) with regard to the RC precast segment (Cf = 0 kg/m 3 ) if Nd = 4209 kN. In other words, in this case the rebars perform the main resistance function in failure, whereas the fibers play a more important role in the crack width control. Fig. 17 shows the Mu-Cf and M0.3mm-Cf curves numerically obtained by fixing Nd = 2806 kN, highlighting that: (1) both curves can be excellently well approximated with straight tendencies; (2) ULS is the most unfavourable state, however just a minimum of 7 kg/m 3 is required in order to verify Eq. 7; and (3) the growth rate of M0.3mm (1.22 mkN/kg/m 3 ) is a 42% higher than that of Mu (0.86 mkN/kg/m 3 ), proving the higher effectiveness of the fiber for loads in the SLS in comparison with ULS. Fig. 16 . Nu-Mu diagrams for the cross section with 11Ф12 and different amounts of fibers.
Finally, it was suggested the use of the same Cf of 25 kg/m 3 established in the project together with the steel rebar cage presented in Fig. 15 (which represents a reduction around the 38% of the conventional reinforcement comparing with the initial solution gathered in Fig. 14) , in opposition to the optimum value of 7 kg/m 3 obtained numerically. This decision was made for several reasons: (1) it is unusual to work with such low values of Cf and (2) that the previous experiences indicate that a minimum amount of 20 kg/m 3 is required for the control of the possible cracking due to the effect of concentrated loads. 
CONCLUSIONS
A summary that includes the main worldwide applications of SFRC in precast segmental linings as well as a design methodology for the optimization of the reinforcement taking into account the structural contribution of the fibres have been presented.
To highlight both the advantages of using fibres and the suitability of the design methodology described, two real experiences carried out in Barcelona in which SFRC has been used in the tunnel segments have been presented. The reached conclusions are:
• The use of both fibres and a minimum amount of steel rebars is an ideal alternative to enhance the behaviour of the segments to the thrust of the jacks and avoid cracking during this operation.
• When the design forces are relatively low in comparison with the segment cross-section dimension, the use of fibres can lead to a significant reduction (up to 70%) of the steel rebars, remaining the concrete confining stirrups as the only passive reinforcement.
• In cases when design forces are moderate, the required amount of fibres to resist them can be economically unfeasible as the case of Terrassa Tunnel. Alternatively, the combined solution of fibres and rebars can be used. With this the fibres work from the onset of cracking, controlling its width and spacing, while the rebars take on the main resistant function.
One experimental stretch consisting of ten RC-SFRC precast pilot rings with an optimum reinforcement configuration (two edge stirrups Ф8 mm @ 180 mm + 25 kg/m 3 of steel fibres) has been carried out in the FontSanta Trinitat tunnel. Likewise, the RC-SFRC precast segment proposed for the Terrassa Tunnel (11Ф12 in each side + 1 stirrup Ф8 mm @ 250 mm + 25 kg/m 3 of steel fibres) has been presented. However, the RC-SFRC precast segmental lining initially designed in the project (for which the contribution of the steel fibres was not considered) was finally used. The obtained results were excellent at a production level (reducing times and risks during the manufacture) as well as in efficiency rates (decreasing significantly the problems related to impact and the thrust of jacks) thanks to the use of fibres.
These satisfying results have motivated the appearance of new tunnelling projects in which the use of fibres is being taken into account as a reinforcement material for concrete.
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